INTRODUCTION
Compounds having an amide linkage, such as capsaicin and N-ethyl-p-menthane-3-carboxamide, are important in the perfume industry. One of the methods for obtaining amide compounds is known as the "Ritter reaction," which involves the reaction of alcohols with nitriles 1） . Lin 2） and Theerthagiri 3） separately reported that iodine was an effective catalyst for the solution reaction of alcohols with nitriles to produce amide compounds. In addition, iodine was known to be an efficient catalyst in solvent-free reactions 4-7） . We previously reported that the amidation of alcohols with nitriles proceeded smoothly under solvent-free conditions using iodine as the catalyst 8） . In this study, we investigated the amidation of esters with nitriles. Amidation with a nitrile was expected to proceed more smoothly when an ester was used instead of an alcohol. Reports on the amidation of esters with nitriles are sparse in comparison to the amidation of alcohols with nitriles. However, the catalysts used in these reports were conc. sulfuric acid 9, 10） , FeCl 3 11） , and ZnCl 2 /SiO 2
12）
. These are strong acids or heavy metal compounds, which are very expensive and/or toxic. In addition, solvent-free reactions are important in green chemistry. Accordingly, we investigated the amidation of esters nyl-2-propanol as follows:
2-Phenyl-2-propanol （2.720 g, 20 mmol） , N,N -dimethyl-4-aminopyridine （0.121 g, 1.0 mmol） , and triethylamine （6.060 g, 60 mmol） were placed in a 200 mL flask, and stirred at room temperature for 30 min. Then, while chilling in an ice bath, acetic anhydride （4.084 g, 40 mmol） was added dropwise over 15 min. The reaction mixture was stirred at room temperature for 24 h. Then, 6 M HCl （10 ml） was added, and the mixture was extracted three times with diethyl ether （40 mL） . The organic layer was dried with anhydrous sodium sulfate, and evaporated. 
Amidation
A typical procedure is as follows: Iodine （50.8 mg, 0.20 mmol） , benzonitrile （1） （ 0.103 g, 1.0 mmol） , and 1-phenylethyl acetate （2） were placed in a reaction tube. The mixture was stirred at 80℃ for 9 h. A 20％ aqueous solution of sodium thiosulfate （5 mL） was added to the reaction mixture to remove iodine. The reaction mixture was then extracted three times with chloroform （20 mL） . The organic layer was washed with saturated aqueous sodium chloride solution （20 mL） , and then dried with anhydrous sodium sulfate. After concentration, the product was purified by silica-gel column chromatography, eluting with hexane/ethyl acetate （4/1） . A total of 185 mg （0.82 mmol; 82％ yield） of N-（1-phenylethyl） propanamide （3） was obtained. GC-MS purities of all products were above 98％.
The spectroscopic data for N-（1-phenylethyl） benzamide （3） , 4-chloro-N-（1-phenylethyl） benzamide （4a） , 4-methoxy-N-（1-phenylethyl） benzamide （4b） , N-（1-phenylethyl） propanamide （5a） , N-benzylbenzamide （6a） , and （±） -exo-N-isobornylbenzamide were previously reported, and these products were assigned by their spectroscopic data.
The spectroscopic data of the other products are as follows.
2-Chloro-N-（1-phenylethyl） benzamide （4c） 1 H-NMR （CDCl 3 ） δ: 49.3, 124.7, 124.8, 125.3, 126.2, 126.4, 127.1, 127.5, 128.3, 128.8, 130.1, 130.5, 133.6, 134.5, 143.0, 168.6 δ: 30.3, 30.6, 30.9, 42.8, 50.7, 59.2, 122.5, 125.0, 125.4, 126.6, 126.7, 127.2, 127.9, 148.7, 151.0, 152 
RESULTS AND DISCUSSION
The reaction was performed as follows. Benzonitrile （1） , 1-phenylethyl acetate （2） , iodine, and a small amount of water were placed in a reaction tube and stirred with heating. After the reaction, an aqueous solution of sodium thiosulfate was added in order to remove the iodine, and the product was isolated. After purification, the spectroscopic data confirmed the structure of the isolated amide compound, N-（1-phenylethyl） benzamide （3） , indicating that the "Ritter reaction" had occurred to form an amide linkage from the ester and the nitrile. A possible reaction mechanism is shown in Scheme 1.
Water in the reaction system reacts with iodine to produce hydrogen iodide, which acts as an acidic catalyst. Table 1 . First, the amount of water was studied, since it was essential for the generation of hydrogen iodide as the acidic catalyst. Amide （3） was still obtained in 39％ yield even when no water was added （entry 1） . Moisture in the air may have reacted with the iodine in the reaction system. When the molar ratio of iodine: water was 0.2: 1 （entry 2） , amide （3） was obtained in 82％ yield. However, when the amount of water was further increased to 0.2: 2, the yield decreased slightly Scheme 1 （entry 3） . Thus, the optimized molar ratio of iodine: water was determined to be 0.2: 1. Next, the iodine loading was studied （entries 2, 4, and 5） . When the molar ratio of benzonitrile: iodine was 1: 0.2, the highest yield （82％） was obtained （entry 2） . The reaction temperature was also investigated （entries 6-10） for a reaction time of 6 h. When the temperature was 80℃, the highest yield （72％） was obtained. However, when the temperature was raised to 90℃, the yield decreased slightly （entry 10） . Next, the reaction duration was investigated （entries 2, 11-14） . When the reaction time was 18 h, the highest yield was obtained （82％） . When the reaction time was increased to 24 h, the yield decreased to 77％ （entry 14） . Finally, the molar ratio of （1） : （2） was studied （entries 2, 15-17） . When the molar ratio of （1） : （2） was changed from 1: 2 to 1: 5, the yield remained almost the same. From these results, the most suitable conditions were determined: molar ratio of nitrile: iodine: water＝1: 0.2: 1.0, molar ratio of nitrile: ester＝1: 3, temperature＝80℃ and reaction time＝18 h. Using these conditions, the reactions of 1-phenylethyl acetate （2） with other aromatic nitriles were carried out. The results are summarized in Table 2 . When benzonitriles containing an electron-withdrawing chloro group, such as 4-chlorobenzonitrile （entry 1） and 2-chlorobenzonitrile （entry 3） , were used, the amide yields decreased. 4-Methoxybenzonitrile, having an electron-releasing methoxy group, was used in place of benzonitrile （entry 2） , but the yields were similar in both cases. When 2-cyanonaphthalene （entry 4） or 2-cyanofuran （entry 5） was used, the yield was low （below 30％） . In the case of 4-cyanopyridine, no amide compound was obtained （entry 6） .
The reactions of aliphatic nitriles with 1-phenylethyl acetate （2） were performed. The results are indicated in Table 3 . The yield in the case of 2,2-dimethylpropanenitrile （entry 3） was higher than those in the cases of ethyl cyanide （entry 1） and isobutyronitrile （entry 2） . This was due to the higher electron density on the nitrogen atom as a result of the three electron-donating methyl groups. The yield in the case of the saturated nitrile was higher than that in the case of the unsaturated nitrile （entries 4 and 5） .
We previously reported that the reaction of 1-phenylethanol with ethyl cyanide gave the corresponding amide compound in 71％ yield 4） . However, using 1-phenylethyl acetate instead of the alcohol improved the yield of the amide compound to 76％ （entry 1） .
The reactions of benzonitrile （1） with three esters were Table 1 Reactions of benzonitrile (1) with 1-phenylethyl acetate (2). All reactions were carried out using 1.0 mmol of (1).
investigated. The results are illustrated in Table 4 . In the reaction of benzyl acetate （entry 1） , amidation did not occur at 80℃. Upon increasing the reaction temperature to 120℃, the corresponding amide N-benzylbenzamide （6a） was obtained in 41％ yield. This yield was lower than that in the case of 1-phenylethyl acetate （82％, entry 2） , which was attributed to the more unstable cationic intermediate from benzyl acetate. In the reaction of 2-phenylpropan-2-yl acetate （entry 3） , amidation did not occur at either 80℃ or 120℃. However, at 120℃, the cyclic compound 1,1,3-trimethyl-3-phenyl-2,3-dihydro-1H-indene （7） was obtained in 90％ yield. A possible reaction mechanism is shown in Scheme 2. The two electron pairs of the carbonyl group in the ester attack the cation of hydrogen iodide, which produces the carbocationic intermediate. Acetic acid is eliminated from the carbocationic intermediate, which forms α-methylstyrene. A π electron in α-methylstyrene attacks the cation of hydrogen iodide to produce the tertiary cationic intermediate. A π electron in another α-methylstyrene attacks the tertiary cationic intermediate, which produces the cyclic compound （7） . The reaction of chiral （-） -bornyl acetate with benzonitrile was studied. First, the reaction was carried out at 80℃ for 5 h, but the corresponding amide compound was obtained only in 25％ yield. Therefore, the reaction was carried out again at 120℃ for 18 h. The racemic amide compound, exo-N-isobornylbenzamide, was obtained in 82％ yield. X-ray crystal structural analysis and optical rotation measurements confirmed that the amide compound was a racemate. The proposed reaction mechanism is as follows. Bornyl acetate reacts with hydrogen iodide to eliminate acetic acid. The produced cationic intermediate is known to undergo a 6,2-hydride shift to form two cationic intermediates 13, 14） . The electron pair on the nitrile group attacks the two cationic intermediates equally. As a result, two amide compounds having different stereostructures are produced, as shown in Scheme 3. We previously reported that the amidation of （-） -borneol with benzonitrile using iodine as the catalyst gave the racemic amide compound 8） . The same results were obtained when using both the 
Scheme 2
Scheme 3 alcohol and the ester.
In conclusion, the reaction of esters with nitriles using iodine as the catalyst under solvent-free conditions produced the corresponding amide compounds. However, the reaction of benzonitrile with 2-phenylpropan-2-yl acetate gave the cyclic compound, 1,1,3-trimethyl-3-phenyl-2,3-dihydro-1H-indene. The amidation depended on the electron density of the nitrogen atom on the nitrile group as well as the stability of the cationic intermediate. The reaction of chiral （-） -bornyl acetate with benzonitrile gave the racemic amide compound, （±） -exo-N-isobornylbenzamide.
